306

few examples as illustrations of the problems. Mitchell (1961) used
Willett's (1950) data and used an area weighting method rather than
averaging of representative stations? this reduced the estimated
wintertime climatic change over the previous 100 years by a factor of
2. Yamamoto (1980) used both 30-year averaging (which might be appro-
priate when considering the effect induced by the thermal lag of the
ocean) and 5-year averaging? the time of maximum temperature and the
start and pattern of the recent decline in temperature appear to be
delayed about a decade when the longer averaging period is used.
Paltridge and Woodruff (1981) used ship data on sea surface temperature
(SST) as an indicator of surface temperature in oceanic regions rather
than the isolated island data used by most other investigators? they
found the time of peak temperature delayed about 20 years and, quite
surprisingly, a larger temperature change than shown by the land-based
records. Their results, however, should be considered as only an
initial examination of the SST data in that their averaging techniques
for handling gaps in the record raise many questions.

An additional complication in using available temperature records to
estimate temperature changes induced by increasing C02 concentrations
is that the records do not extend back to before the time that CC^
concentrations began to rise. In addition, we cannot be sure that the
climate prior to the start of large anthropogenic C(>2 emissions was
in equilibrium so that comparisons between early and late parts of the
record may include biases due to trends, natural variations, or changes
induced by non-C02 factors.

5.2.2.2 Causal Factors

The state of the climate system is determined by the interactions of a
large number of processes and factors, some external to the system
(e.g., solar radiance, aerosol and trace-gas concentration). A change
in C02 concentration is only one of the factors that may induce a
change in the climatic state. Moreover, climate models show that, even
when all external factors are held constant, there will still be
substantial climate fluctuation due only to interactions between
various processes having different time scales. The fluctuations will
be even greater when variations in external factors are allowed.

While there are several potential sources of climatic change, our
discussion concentrates for the moment on CC>2 concentration, volcanic
aerosols, and solar variability, possible major influences that have
been addressed by a number of investigators whose work deserves comment,
In the future, other factors, such as changes in anthropogenic trace
gases, may become influences comparable or greater in magnitude.
Finally, we must recognize the possibility that some important factor
may have been underestimated or remains unrecognized.

To identify the climatic signal caused by increasing C02 concen-
trations among the background of fluctuations requires either (a) that
we treat the changes of all other factors as noise and wait until the
C02-induced climatic change is large enough to cause a statistically
significant change (assuming implicitly that no additional competing